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Summary
Objective: A histomorphometric analysis of patellae from necropsies on persons between the third and tenth decades
of life was carried out to trace the natural history of osteoarthritis.
Design: Minutiae of the histological changes in the surface and basilar portions of the articular cartilage were
developed as criteria for the quantitation. A total of 99 patellas were harvested in the stated age range. The present
study reports the results of ten grossly and radiologically normal specimens from subjects 23–32 years old served as
controls.
Results: None of the control patellae were entirely histologically normal. Abnormality of the cartilage surface did
not consistently proceed remodeling at the attachment to the subchondral plate.
Conclusions: This observtion throws into question the concept that osteoarthritis has a single histogenesis or always
arises in articular cartilage.Received 2 February 1998; accepted 18 August 1998.
Please address all correspondence to: Francis H. Gannon,
Department of Orthopedic Pathology, Armed Forces Institute
of Pathology, 14th and Alaska Avenues, N.W. Washington,
DC 20306-6000, U.S.A.Introduction
Numerous morphological studies of the human
patella have been carried out over the past century
because changes with age are important in the
theory of degenerative joint disease as well as in
clinical practice [1]. Autopsy studies early on
noted that cartilage is the first tissue in the body to
undergo degeneration, sometimes grossly detect-
able at the end of the second decade [2, 3]. The area
and depth of loss of cartilage increase with age [4]
but the dividing line between non-progressive
phenomena of senescence and osteoarthritis is
ill-defined. The conventional teaching that the
essence of osteoarthritis is deterioration of articu-
lar cartilage underlies widely discussed ‘chondro-
protective’ strategies for management of the
disorder [5]. Much current research is designed to
intervene pharmacologically at the earliest stages
of cartilage destruction gauged either by biochemi-
cal parameters [6, 7] or sensitive imaging tech-
niques [8, 9]. These methods, like arthroscopy,
necessarily cannot evaluate changes in the base of
the cartilage where it is attached to bone.
A quite di#erent view is that the degenerative
process originates in the subchondral bony plate173[10, 11]. This has some engineering logic [12, 13] as
well as radiological support [14]. The mechanical
interplay between subchondral bone density and
the thickness of the patellar cartilage accordingly
has also been approached by several methods [15,
16]. Here again, the possibility of therapeutic
intervention has been entertained.
A weakness in both types of thinking is that
there is little rigorous anatomical documentation
for the sequence of changes in the non-calcified
articular cartilage vis-a`-vis the calcified osteo-
articular junction. The closest analyses of the
patella are those of Bennett [3], Owre [17], and
Meachim [4] but they did not trace the events in
the two components of the bearing surface concur-
rently. The following cross-sectional study was
therefore aimed at answering two related ques-
tions: (1) does osteoarthritis begin in the soft
portions of the articular cartilage or in remodeling
of its basilar attachment to bone? and (2) can one
recognize incipient changes of osteoarthritis as
distinguished from those of aging changes? The
patella is well suited from the pathologist’s per-
spective to this purpose: it is readily accessible at
necropsy, and it is technically the right size for
both compartments to be examined in a single
block. Two separate analytical methods have been
employed here: (1) measuring the extent of carti-
lage loss and bony remodeling with an image
analyzer; and (2) quantitating histological changes
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articular junction with an eyepiece micrometer.
The two approaches yield di#erent sorts of infor-
mation. This first paper describes the histological
methods employed and the criteria of ‘normal’
according to which the image analysis [18] and
pathological changes reported in subsequent
papers can be gauged.Materials and methodsSPECIMEN MATERIAL
Patellae were obtained at necropsy from 99
individuals between the ages of 23 and 91 years
(Table I). Excluded were cases with infection,
congenital malformation, remote trauma, acro-
megaly or rheumatoid arthritis, but two with chon-
drocalcinosis were accepted. Most of the younger
(third to fifth decade) subjects died of the acquired
immunodeficiency syndrome. A sampling of syn-
ovial tissue from this group disclosed no immuno-
histochemical evidence of involvement of the joint
by the Human Immunodeficiency Virus-1. The
remainder died of a wide spectrum of disorders. No
systematic attempt was made to di#erentiate
therapeutic modalities employed despite some pub-
lished evidence that chemotherapeutic agents
a#ect the degree of cartilage degradation [19].
Furthermore, disuse atrophy of articular cartilage
and subchondral bone in paralyzed or bed-ridden
patients have not been taken into account. The ten
youngest specimens (23–32 years of age) were cho-
sen as controls. They all appeared normal grossly
and radiographically.
The patellae were excised with surrounding syn-
ovium and fixed in 10% neutral-bu#ered formalin.
An equatorial block, 4-mm thick, was sawed and
radiographed with a Faxitron (Hewlett-Packard,
McMinniville, OR) operating in an automatic
mode. Two blocks of synovium were sectioned from
each specimen to exclude intercurrent disease thatmight interfere with the interpretation. The block
of patella was decalcified in 5% formic acid,
changed daily until the supernatant no longer
reacted for Ca+ + with ammonium oxalate. It was
embedded in para$n and sections, nominally 5-ìm
thick, were stained with Gill’s hematoxylin and
eosin. In young specimens, where the tidemark
appeared pale, omitting the eosin counterstain
barely facilitated detection of this structure.
Selected sections also were stained with safranin
O-fast green, periodic acid-Schi# or Rinehart-Abul
Haj colloidal iron.OCULAR MEASUREMENTS
The areas studied were demarcated from
marginal osteophytes and ligamentous-
fibrocartilaginous attachments (Fig. 1A) [20].
Measurements at the articular surface were car-
ried out with an eyepiece micrometer at a magni-
fication of 100, and at the osteochondral junction,
400 diameters. The entire length of each structure
was examined by measuring particular variables
with an eyepiece micrometer in successive fields
moving with a manually operated mechanical
stage. The reticle was rotated in each field to
parallel the slope of the item in interest. A stage
micrometer was used to calibrate the ocular reticle
and a length in mm calculated for each variable
(Table II). The interobserver variation for all but
two categories was less than 5%. It was as high as
20% for the thick vs reduplicated tidemarks, and
up to 30% for the subclassification of plug types.
The variation can be attributed to the often over-
lapping qualitative characteristics of the latter.
For this reason, all the measurements reported,
except for microcrack numbers, were made by one
author (FHG); reproducibility of these measure-
ments was more than 95%. Microcracks were
counted by the other. The surface and tidemark
data are presented in units of length; those of
plugs, as numbers across the unit tidemark.Table I
Age and sex distribution of specimen material
Age
(years)
Number of patellae
Men Women
20–29 2 2
30–39 21 8
40–49 20 4
50–59 7 2
60–69 7 4
70–79 9 3
80–89 7 1
90+ 2 0
Total 75 24HISTOLOGICAL CRITERIA
The classification of abnormalities illustrated in
the photomicrographs represent prototypes to
which the values assigned most closely corre-
sponded. In reality, there was considerable
variation and some overlap between individual
lesions observed.
The abnormalities of the cartilage surface were
flaking, hydropic change, fibrillation, and ebur-
nation. Flaking was defined as a surface disconti-
nuity confined to the tangential layer and not
Osteoarthritis and Cartilage Vol. 7 No. 2 175FIG. 1. Transverse sections of patellae (original magnification #2). Unless otherwise indicated, all sections in this and
following instructions were stained with hematoxylin and eosin. A. Normal (case 3). The bars mark the bounds for
measurement of the cartilage. The medial facet is the convex surface at the left. B. osteoarthritis. The osteophyte
(arrow) is at the medial margin, and eburnation of the lateral facet at the right. C. ‘Synovial metaplasia’ (framed area)
is separate from marginal osteophytes. D. Higher magnification (#250) of framed area in preceding. Fibrovascular
tissue, at a distance from the osteophyte, extends irregularly into the articular cartilage.associated with clonal proliferation of chondro-
cytes (Fig. 2B). In fibrillation, by contrast, the
splits were oriented predominantly perpendicular
to the surface and were associated with chondro-
cyte clusters (Fig. 2C). Typically these could be
distinguished from sawing artefacts which lacked
cell clusters. Hydropic swelling was characterized
by a pale myxoid and paucicellular matrix beneath
a thin layer of surface collagen. In extreme form
it appeared as a blister devoid of stainable gly-
cosaminoglycan in safranin O-fast green and
Rinehart-Abul Haj preparations (Fig. 2D). These
foci were most frequent at the margins of the
cartilage and at times appeared gelatinous grossly.
In some instances, they were disrupted super-
ficially and were included in the ‘flaking’ rather
than ‘hydropic’ category.
The criteria for basilar remodeling fell into 4
categories: tidemark changes, ‘plugs’, microcracks
and osteophytes. The normal tidemark, separating
the non-calcified from the calcified layers, were a
single, hematoxyphil line up to 10 ìm in thickness(Fig. 3A). When reduplicated, the tidemark
appeared as two or more discrete hematoxyphil
lines, separated by pale matrix (Fig. 3C). Most of
the lacunae in the calcified layer was acellular,
but a few chondrocytes persisted between the two
tidemarks at times, evidence of a more recent
advance of the calcification front. A thin blue line
at the junction of bone and the base of the calcified
layer was seen in a few sections and was excluded
from the computations as a false tidemark. Evalu-
ation of reduplication presented di$culties in a
proportion of cases because the tidemark was more
than 10 ìm thick and the superficial and deep
edges were not separated by chromophobic ma-
terial. Such instances were often, but not always,
associated with acceptable foci of reduplication
and were assigned to a separate class, thick (Fig.
2B). Microcracks in the calcified layer appeared as
basophilic hairlines extending vertically from the
tidemark towards and sometimes into the subchon-
dral bony plate and fell into the type A category
described elsewhere (Fig. 2D) [21].
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several sorts of extraneous tissue here are called
plugs for want of a better term. They exclude the
most common form, focal bony replacement. Most
of this bone was lamellar and its lacunae devoid
of cells, but a minority of osteoblastic foci with
a woven matrix were seen as well. Plugs were
sub-classified into fibrovascular, chondrocytic,
chondromucoid, chondroclastic, and amorphous
types. Most touched the tidemark. Fibrovascular
channels at the osteochondral junction character-
istically were invested by remodeling bone extend-
ing from stalks in the marrow [22]. Only tongues of
tissue located directly within the calcified layer,
not separated from the latter by a bony cap along
at least half of their border and not penetrating
past the tidemark into the non-calcified layer,
were included in the category of ‘plugs’. They
ranged in width from approximately 100–250 ìm.
In the fibrovascular group, mixtures of capillary
knots and extravascular loose tissue containing
elongated fibroblasts were found in varying pro-
portions (Fig. 4A). Infrequently multinucleated
chondroclasts were present at the leading edge;
these plugs fell into the chondroclastic category
(Fig. 4B). Chondrocytic plugs were characterized
by sharply delimited clusters of chondrocytes sur-
rounded by a basophilic matrix (Fig. 4C). Chondro-
mucoid plugs resembled the preceding but
contained 3 or fewer apparently viable cells. The
amorphous plugs were acellular and consisted ofgranular or fibrous material stained pale red by
eosin (Fig. 4D). At times, cell ghosts or small areas
of transitional chondromucoid material were
present in this group. When fibrovascular plugs,
with or without osteoblastic activity, penetrated
the tidemark or were located entirely within the
non-calcified cartilage they were listed separately
as basilar ossification (Fig. 5).
Osteophytes appeared as foci of endochondral
bone formation at the margins of the articular
cartilage and, when larger, intruded into the
actual bearing portion of the latter (Fig. 1B). They
were accompanied by variable cartilaginous or
fibrovascular caps. In a few instances, segments of
fibrovascular tissue replaced articular surface at a
distance from osteophytes. Whether they represent
idiosyncratic synovial adhesion or a metaplastic
phenomenon is unknown but they have been listed
as ‘fibrovascular metaplasia’ (Fig. 1C, D).Table II
Histological findings in 10 control patellae*
Case number 1 2 3 4 5 6 7 8 9 10
Age 23 27 28 29 31 31 32 32 32 32
Sex F M F M F M M M M M
Surface (mm)
Normal 36.9 45.9 34.2 29.7 35.1 44.1 37.8 38.7 39.6 35.1
Hydropic 0.9 0 0 2.7 0 0 0 3.6 0 4.5
Flaking 1.8 0 6.3 5.4 2.7 0 5.4 2.7 0 4.5
Total 39.6 45.9 40.5 37.8 37.8 44.1 43.2 45 39.6 44.1
Tidemark (mm)
Single 20.1 2.4 11.1 16.3 4.2 9.6 25 19.7 23.5 13.4
Thick 13.9 28.8 10.6 15.8 8.4 17.8 6.7 7.2 1.4 15.4
Double 0 7.7 20.2 0 17.8 7.2 2.4 9.1 5.8 6.7
Total 34.1 38.9 41.8 32.2 30.4 34.6 34.1 36 30.7 35.5
Plugs (no.)
Vascular 17 18 6 24 55 15 7 9 12 11
Chondrocytic 2 1 2 0 3 1 3 4 3 0
Chondromucoid 0 0 0 0 0 1 0 4 2 2
Amorphous 5 3 3 0 1 0 0 1 3 0
Chondroclastic 0 0 0 0 1 0 0 0 0 0
Total 24 22 11 24 60 17 10 18 20 13
(no./mm TM†) 0.7 0.6 0.3 0.8 2.2 0.5 0.3 0.5 0.7 0.4
Basilar ossification (%TM) 0 0 0 0 17.4 0 0 0 0 0
*There were no instances of fibrillation or osteophytosis.
†TM, tidemark.Results
There were no histological areas of fibrillation,
eburnation or osteophyte formation in the ten
control specimens. However none were entirely
normal either (Table II). All but three had mild
superficial abnormalities: seven had flaking and
four, hydropic change a#ecting an average of 7
(range 5–16) and 6.5 (2–10) percent of the surface
respectively. In all ten, segmental thickening was
seen in the tidemark and in seven, the latter had
Osteoarthritis and Cartilage Vol. 7 No. 2 177foci of overt reduplication. Each of the three patel-
lae that had entirely normal surfaces showed re-
duplication involving 18, 20 and 21 percent of the
length of the tidemark. ‘Plugs’ were present in
each and the great majority were fibrovascular.
Microcracks were found in a single individual (age
32). In one instance (Case 3) with little flaking of
the surface, almost half the length of the tidemark
was reduplicated and the calcified layer was exten-
sively invaded by foci of early endochondral ossi-
fication (Fig. 5). Thus there was no consistent
pattern of pathological change beginning in the
non-calcified rather than the calcified layer of the
articular cartilage.FIG. 2. Surface changes (#250). A. Normal. B. Flaking: The surface disruption is unusually extensive but the
discontinuities are arranged tangentially and not accompanied by chondrocyte clusters. C. Fibrillation: Aside from the
greater fragmentation, clones of chondrocytes are conspicuous. D. Hydropic: The blister is elevated and contains little
stainable matrix substance.Discussion
Most of the histological criteria employed are
widely recognized but several are not and deserve
special comment. The hydropic change corre-
sponds to the rarefaction of matrix described by
Hwang and co-workers as the earliest lesion in
osteoarthritis [23]. Our finding that the blister isfilled with water is consistent with their hypoth-
esis that collagen is destroyed in these foci
because disruption of the constraining fibrils
allows the swelling pressure of any residual
proteoglycan to imbibe water. The microcracks in
the calcified layer have been discovered recently
[21, 24, 25] and their pathogenesis is discussed in a
paper that follows.
Preventing articular cartilage from becoming
calcified is an obvious requirement for joint
function [26]. The mechanisms involved have
barely been looked into. It seems likely that the
‘plugs’, a little studied feature of the osteoarticular
junction, are integral to the halt in the advance of
the mineralization front. The subchondral vascu-
lar channels and fibrovascular plugs are not static
structures but participate in the remodeling of the
osteochondral junction as the chondroclastic
instances testify. Deposition of tetracycline docu-
ments active remodeling of the calcified layer in
the advancing tidemark of osteoarthritis [27].
Although reduplication of the tidemark is so
well known a feature of osteoarthritis, it presents
178 F. H. Gannon and L. Sokoloff: Histomorphometry of the aging human patellaFIG. 3. Tidemark changes (#450). A. Single tidemark B. In the thick tidemark, the edges are variously ill-defined or,
as at the left, have an internal pallor suggesting early splitting. C. Reduplicated tidemark in which the dark edges are
widely separated. D. Microcracks in the calcified layer are the hairlines extending vertically from the tidemark toward
the junction with the subchondral bone (Rinehart-Abul Haj stain).several histological problems in minute analysis.
Even in young adults, it is di$cult to see despite a
number of staining methods employed. Side by side
with overtly reduplicated tidemarks are segments
in which the latter was thickened and, even if
there are distinct edges on either side, the space
between these edges is chromophilic. This is the
reason for segregating a ‘thick’ category in the
tidemark measurements. It is the source of appre-
ciable interobserver di#erence. Enzyme histo-
chemical studies have been reported that cells in
the calcified layer of young rabbits are viable [28].However there are no stainable cells in the adult
human calcified layer except when adjacent
chondrocytes are being engulfed by an actively
advancing wave of mineralization. A reasonable
assumption is that the necrobiosis of chondrocytes
in the calcified layer results from metabolic iso-
lation in an impervious matrix. The same occurs in
other calcified cartilages, e.g., in osteopetrosis.
There is an additional histological dimension to
the phenomenon: many of the bony plugs in and
subjacent to the calcified layer also are acellular.
This is not simply a manifestation of declining
Osteoarthritis and Cartilage Vol. 7 No. 2 179FIG. 4. Major types of ‘plug’ in calcified cartilage (approximately #400). A. Fibrovascular: The cutting edge is in
contact with the calcified layer. B. Chondroclastic. The arrow points to a multinucleated osteoclast-like cell at the
junction of a fibrovascular plug with the tidemark (approximately #450). C. Chondrocytic: Well-di#erentiated
chondrocytes and dark cartilaginous matrix replace the fibrovascular stroma in the preceding. D. Amorphous: The
plug lacks cells and distinct fibrovascular or chondroid matrix.cellularity of aging compact bone since there is no
comparable disappearance of osteocytes elsewhere
in the patella.
We interpret the preceding phenomena to indi-
cate that the osteochondral junction is a region of
specialized vascularity, limited to minimize ossifi-
cation of the articular cartilage. Plugs represent,
accordingly, foci of new bone formation variably
frustrated by vascular insu$ciency. Some of the
proliferating tufts become cartilaginous, in timeregressing and becoming acellular chondromucoid
or amorphous plugs.
Osteophytes frame all margins of the patella but
commonly are largest at the superior edge. There
they are of little clinical consequence. A radiologi-
cal ‘skyline’ view, corresponding to our plane of
section, displays them on the medial or lateral
sides. A recent epidemiological survey has found
that osteophytes seen this way are the best predic-
tor of patellofemoral pain [29]. In this location,
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articular cartilage early on rather than being
purely exophytic. They therefore contribute to the
reduction of the measurable articular cartilage. In
extreme instances, the cartilaginous cap on the
osteophyte was covered by a variable fibrovascular
or fibroadipose tissue. We have termed this ‘meta-
plasia’ but cannot rule out remote adhesion of
synovium.
Early degenerative changes were detectable
histologically in the ten young control specimens
below the threshold of the image analysis
employed. The striking finding was absence of
consistent abnormality of the non-calcified as
distinct from the calcified layer. This runs counter
to conventional wisdom that degenerative joint
disease necessarily or always arises in the articu-
lar cartilage, and that bony remodeling is a sec-
ondary phenomenon. The concept is futher tested
in the papers that follow.Acknowledgments
Dr Gerald Finkel participated in an early phase of
this project. We are indebted to Eileen Boylston and
Maria Kehagias for the histological preparations; to
Jeannie Neville for photographic, and Keith Malvetti
for computer assistance.
The opinions and assertions contained herein are the
expressed views of the authors and are not to be
contrued as o$cial or reflecting the views of the US
Departments of the Army or defense.FIG. 5. Basilar endochondral ossification in patella with normal articular surface (same case as Fig. 1A). Not only is the
tidemark reduplicated, but foci of vascularization with thin bony seams perforate the calcified layer (#100).References
1. McAlindon TE, Snow S, Cooper C, Dieppe PA.
Radiographic patterns of osteoarthritis of the
knee joint in the community: the importance of the
patellofemoral joint. Ann Rheum Dis 1992;51:
844–9.
2. Heine J. U}ber die Arthritis deformans. Virchows
Arch 1926;260:521–663.
Osteoarthritis and Cartilage Vol. 7 No. 2 1813. Bennett GA, Waine H, Bauer W. Changes in the
knee joint at various ages with particular refer-
ence to the nature and development of degenera-
tive joint disease. New York: Commonwealth Fund
1942.
4. Meachim G, Bentley G, Baker R. E#ect of age on
thickness of adult patellar articular cartilage. Ann
Rheum Dis 1977;36:563–8.
5. Burkhardt D, Ghosh P. Laboratory evaluation of
antiarthritic drugs as potential chondroprotective
agents. Sem Arthritis Rheum 1987;17 (Suppl. 1):
3–34.
6. Hollander AP, Heathfield TF, Webber C, Iwata Y,
Bourne R, Rorabeck C, Poole AR. Increased dam-
age to type II collagen in osteoarthritic cartilage
detected by a new immunoassay. J Clin Invest
1994;93:1722–32.
7. Lohmander KS. Articular cartilage and osteoarthro-
sis. The role of molecular markers to monitor
breakdown, repair and disease. J Anat 1994;184:
477–92.
8. Deutsch AL, Shellock FG, Mink JH. Imaging of the
patellofemoral joint. In: Fox JM, DelPizzo W, Eds.
The patellofemoral joint. New York: McGraw-Hill
1993:75–103.
9. Jagemann S, Jagemann V. Die Messung der
Knorpeldicke im Patellagleitlager mittels
Ultraschall-Methode und Wertigkeit. Sportverl
Sportschad 1992;6:58–63.
10. Radin EL, Burr DB, Caterson B, Fyhrie D, Brown
TD, Boyd RD. Mechanical determinants of osteo-
arthrosis. Sem Arthritis Rheum 1991;21(Suppl 2):
12–21.
11. Hulth A. Does osteoarthrosis depend on growth of
the mineralized layer of cartilage? Clin Orthop Rel
Res 1993;287:19–24.
12. Anderson DD, Brown TD, Radin RL. The influence
of basal cartilage calcification on dynamic juxta-
articular stress transmission. Clin Orthop Rel Res
1993;286:298–307.
13. Eberhardt AW, Lewis JL, Keer LM. Normal contact
of elastic spheres with two elastic layers as a
model of joint articulation. J Biomech Eng
1991;113:410–7.
14. Buckland-Wright JC. Quantitative radiography of
osteoarthritis. Ann Rheum Dis 1994;53:268–75.
15. Eckstein F, Muller-Gerbl M, Putz R. Distribution of
subchondral bone density and cartilage thickness
in the human patella. J Anat 1992;180:425–33.16. Ateshian GA, Soslowsky LJ, Mow VC. Quantitation
of articular surface topography and cartilage
thickness in knee joints using stereophotogram-
metry. J Biomechanics 1991;24:761–76.
17. Owre A. Chondromalacia patellae. Acta Chir Scand
1936;77 (Suppl 41).
18. Guilak F, Agarwal S, Sokolo# L. Histomorphometry
of the aging human patella. 2. Merthods of image
analysis and normal values. (accompanying
manuscript).
19. Martel-Pelletier J, Pelletier J. Degradative changes
in human articular cartilage induced by chemo-
therapeutic agents. J Rheumatol 1986;13:164–74.
20. Evans EJ, Benjamin M, Pemberton DJ. Fibrocarti-
lage in the attachment zones of the quadriceps
tendon and patellar ligament of man. J Anat
1990;171:155–62.
21. Sokolo# L. Microcracks in the calcified layer of
articular cartilage. Arch Pathol Lab Med
1993;117:191–5.
22. Clark JM. The structure of vascular canals in the
subchondral plate. J Anat 1990;171:105–15.
23. Hwang WS, Li B, Jin LH, Ngo K, Schachar NS,
Hughes GNF. Collagen fibril structure of normal,
aging and osteoarthritic cartilage. J Pathol
1992;167:425–33.
24. Mori S, Harru# R, Burr DB. Microcracks in articu-
lar calcified cartilage of human femoral heads.
Arch Pathol Lab Med 1993;117:196–8.
25. Villanueva AR, Longo JA III, Weiner G. Staining
and histomorphometry of microcracks in the
human femoral head. Biotech Histochem
1994;69:81–8.
26. Bullough PG, Jagannath A. The morphology of the
calcification front in articular cartilage: its sig-
nificance in joint function. J Bone Joint Surg
1983;65B:72–8.
27. Revell PA, Pirie C, Amir G, Rashad S, Walker F.
Metabolic activity in the calcified zone of carti-
lage: observations on tetracycline labelled articu-
lar cartilage in human osteoarthritic hips.
Rheumatol Int 1990;10:143–7.
28. Havelka S, Horn V, Sporova D, Valouch P. The
calcified-noncalcified cartilage interface: the tide-
mark. Acta Biol Hung 1984;35:271–9.
29. Cicuttini FM, Baker J, Hart DJ, Spector TD. Choos-
ing the best method for radiological assessment of
patellofemoral osteoarthritis. Ann Rheum Dis
1996;55:134–6.
